Abstract. Direct digital synthesis (DDS) is widely used in radar signal generation. In order to study the influence of phase truncation on signal processing, this paper models DDS to generate linear frequency modulated (LFM) signal, and accomplishes pulse compression based on systemvue. Based on phase truncation spurs of the single-tone sinusoidal signal, spurious components of LFM signals generated by DDS are analyzed qualitatively. Simulations graphically demonstrate that, these spurs decrease signal to noise ratio after pulse compression. To avoid effect of these spurs, proper parameters of DDS are provided for radar systems.
Introduction
With the emergence of pulse compression technology, LFM signals have been playing an important role in radar systems. LFM waveform generation schemes are classified in analog and digital techniques [1] . With the development of the digital technology, modern radar systems have raised remarkably requirements for the direct digital frequency synthesis owing to its advantages of high frequency resolution and fast frequency switching speed. Previous research suggested that DDS technology can be entirely implemented on a Field Programmable Gate Array (FPGA) [1] and the quantized LFM signal generated has exactly similar performances with a continuous chirp signal [2] .
Inevitably, it is the digital structure especially the phase truncation that bring complicated spurious components to the output signal, which have always been the focus that people pay attention to. Early efforts mainly concentrated on determining the location and magnitude of phase truncation spurs [3, 4] . With the widely use of DDS, various effective methods have been proposed to reject the output spurious, which can be divided into two kinds: one kind is designing new approaches of phase to sine mapper [5] ; another kind is applying the coordinate rotation digital computer (CORDIC) algorithm to DDS [6] .
However, few attempts have been made to investigate the influence of phase truncation on signal processing, especially pulse compression for the LFM signal. In this paper, we aim to analyze the characteristic of spurs introduced by phase truncation in the LFM signal generated by DDS. Furthermore, this paper would provide some results about the influence of these spurs on pulse compression.
Model of Simulated System

LFM Signal Generation with DDS
Chirp signal is a sinusoid and its frequency increases or decreases linearly with the pulse width, which can be described as Eq. 1  
where c f is clock frequency and 〈•〉 is operation of rounding to the nearest number.
indicates the digital frequency of 1 f . Digital phase from accumulator can be calculated by Eq. 3.
Considering the size of ROM, we usually truncate the lowest B = L -W bits of n φ as Eq. 4.
Since we are interested in the spurious due to phase truncation, we will focus on the characteristics of the output digital wave, which can be described as Eq. 5.
where the initial phase is assumed to be 0.
Model of Signal Processing
Pulse compression can be operated in two methods in time domain or frequency domain. We will choose the method in frequency domain as Fig. 2 shows. Echo signal will be produced by DDS model above and modulated by a target model, which is set to be a stationary point target and 60000 meters away from the radar. FFT of the reversed and conjugated echo signal is multiplied with FFT of reference signal. Afterwards, making IFFT of the output will obtain the result of pulse compression. We will use hanning window to decrease the sidelobe.
Analysis of Phase Truncation Spurs
As the output frequency of DDS is digital, what we need analyze firstly is the spurs of the single-tone sinusoidal signal. Henry T. Nicholas and Henry Samueli have derived the error sequence of phase truncation in [1] , and obtained the complex Fourier series representation as Eq. 6.
where 
B-1
Therefore, output of the single-tone with phase truncation can be expressed as Eq. 9.
Because   p L ε n 1 2  , it can be simplified as Eq. 10. 
It is obvious that the output signal is suspiciously like a double side band amplitude modulated (AM) signal. Considering the word length of L and effect of ideal DA, the position of the spurs can be mapped to spectral range   c 0,f / 2 as Eq. 11. 
It can be seen that when k=1, the location and magnitude of the worst spur are shown in Eq. 14 and Eq. 15.
The signal to noise ratio (SNR) shown in Eq. 16 can be calculated by Eq. 15. , the SNR will satisfy Eq. 17.
Simulation Results
Calculating the location of output signal and the worst spur according to Eq. 14, we can get Fig. 3 . Note that when the frequency of the output signal changes with time linearly, the spurs also changes linearly but shows like a saw tooth wave which is non-periodic. Calculating the slope, Simulation of pulse compression with phase truncation is shown in Fig. 6 , showing that the phase truncation results in SNR -92dB  after pulse compression. According to the analysis before, SNR of DDS output signal get higher and the band of spurs get wider with the increase of L-B, causing improvement of SNR after pulse compression. Fig. 7 shows the relationship between L-B and SNR after pulse compression in simulation.
Note that SNR after pulse compression is larger than 90dB when L-B >10 , which could meet the requirement of radar detecting. By Eq. 17, we can get 60.2dB SNR 57.2dB   when L-B=10 , indicating that the phase truncation spurious could be ignored reasonably in signal processing when SNR inside the bandwidth of DDS output signal satisfies SNR>60dB . 
Conclusions
Results of simulation show that phase truncation spurs of LFM signal mainly reduce the SNR after pulse compression. In addition, the extent of this impact varies with L-B to some degree and L-B >10 could ensure that the signal process not be affected by phase truncation in DDS. This conclusion will provide proper reference on the choice of parameters in radar systems.
